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ABSTRACT 

PROBLEM TO BE SOLVED: To make it possible to continuously vary the 
radiating angle and shape of a laser beam, by providing means for applying 
a voltage to an embedded layer and a column. 

SOLUTION: Voltage applying means 14 for applying voltage is provided 
between an embedded layer 7 and a column 6 . Since the layer 7 and the 
column 6 have different conductivity types, they form a P-N junction, and a 
depletion layer 17 is formed at both sides of the boundary between the 
layer 7 and the column 6. The thickness of the layer 17 is controlled by 
the voltage applied to the junction, and the larger the amplitude of the 
reverse bias to the junction is, the larger the thickness increases. Since 
the layer 17 has a function of blocking the carriers of electron or hole, 
it limits the route of the current to be implanted to an active layer 4 . As 
a result, the region of the layer 4 for generating an optical gain is 
limited. Thus, the radiating angle of the radiating beam can be 
continuously varied or controlled, at the controllability of the 
oscillation lateral mode. 
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i mm 1 3 *mm6Lk£ < 1 1 , tsis s 5 

L fcflBt & W1- S ffi&JKa^SHfc F -if SKSfcti V * T . 
friETSS 5 5-1* fctitWETaH^ft ? 5 >y F 1 , 15 

m. 

i mm 2 3 ¥3S#£8LtK , < 1 1, . T» 5 5 
mZTMiy-M&fziimMT^mfo??'-; KJI, if 

iKStt«> fne±a5^*^7>y h*, HirifiJigps v- 

imti z t m&t^hmwm*mwv--?%. 

m. 

im%3 3 *mmm±.^ >j?%< 1 tubs? 

Lfc d k k -f 4 BBBft£!¥?Sttu- ifft 

8. 

[00 0 13 
[00023 

m^comu *m#i<— viz. u-^-aco 
mmmmz^w mmnmmmt. l. 

FanfefciSAUt (L. Fan, M. C. Wu. H. C, 
Lee, and P. Grodzinski, IEEE, Proceedings 
of International Electron Device Meeting ( I 
EDM94) , pp. 765-768 ) fclBttSflTV**. Ztl 
09, 10*«iL"Ctt«!H*4. 

[00033 z<D^mu—f\t. m9<r)£o%mmt 

Wm&V-4fX'h } <) , GaAsi|s»*»R9lJ:t, T 
§PS5-il92. T£iS?5-y FH93, *Stt«94, _hg(!^7 
■yF«95, ±«S9-«96*«)tt:«lS*is rolfi±gB5 



mw&zti. afcs ±sm«98. 99#H9 tastHK 

$ tLTtfflit L T ^ 4 Z k Xfo 4 . 
[0004 3 F— f 3t«)a8WfctJW65Mf f^- v 
(ClftfcjfMfckW?) (±, F— fOJiilt«T14ffl 

-tio^mmmznix^tzih^m^k^h. zco 
m izm * t*<oiii<offl*rw*is s <ojt& . 2 # 

ffl $ ftfc ±»«SK8 , 99*> & *St£JB94 1 [6] ft T i±At 4 

98 , 99*^ 4 «?i««y^ * aw ; 1 1 i 
-^«™^fi^deg. r{±*s**flj oasi* ^ k 

[00053 

aw-TJi, u-9*t-Aoaa«ri6i*2««tflj | 3J«i 

4«t^m«L^™S^$^T^4*\ F— f't- 
AcoftWft Sr^fc-fi £ k UT#**»->fe . F— f h' 
-A^ftStft ^^rsstl- 4 i k *^Tfltfc:4<itf. Mi 
H\ Fyx'k*I^i^4CittJ; l 9. f— f't-Ao 
xrff.y F-t-f X^MJfM^^^ztim^mktc 
i. 8^>fc» iiitciO, je-fey^^, k ")*>W\ * 
h° >y ^ r 7 7°^JEfflCfcv^ii , 

[0 0 0 6 3 3 L,Jt3W»**JtL-C*Sfut 

4H^a^*F-f 3K«*ilflW-* - k^I 
[00073 

[«Mfej!fifc-r4fcto<o¥a3 

1. ±S5¥^^7>y Fit, ±»S9-Ji*)ifcflMIL 

/ciiii * #t h mwmm®. f — ?muz m^x.m 
mT^iy-mttdmmT^mi^y-y fi, frta 
mm. mm±^m^y-yVM. mm±.u$y-M 
<n~u&i-z\±±u*mmmzm&&m*^-hmiteB 

«Ufc»l»lS«a«SPk. £oatt»*JR"5*<J: 

k fjiea«aswp a itmE& Epja-r 4«EEp;ja#ak 
[ooo83 ( je-r h mmmmmm ) 1 1± 

tii'H 1 Sr#HS-tl> k . mEEMn^ai4*>EM13 a 

lt^ i <o«sio*fe{*ssio ' izmmziii 1 1 1 1> 

1, 2«-». gHJ'tffi) «2<0«ttll3&»i5> 
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E3&13 cxo mmmzmm § titz% £ t. «t» 

&2tf)*ffill£E«13c £tf LT«S6«16*qS«S*l 

S. 

[ 0 0 0 9 ] Ifc/t. HEEPjn#ai4(i. Lfc«ffilO 

ma-f l t mm wtsatst & ^was $ ft-f , f*i *. 

it. £Jfctf)JBJg3 (H5) £5fr?ta<. tttfi^WL 

[ooio] w«i»ifciinEatt«45^t 
*&* « . z tiumwz pn&£m 

j£ L- , »3A^iB k fff PfflJJ lz%Z is 

(depletion layer)**®*;?*!*. vK^SSflKOJf S(± 
P n«*fcl»ta*E-CtfJ»3*U P n«^Ci«-4 
5£AWTX (&Mi.mfonJ±t^d) 

* 'J 7 £ 7"n v ? * § ISf | £ i ocOT' , *Sttl tC&A 
£ftl>«i,i<08SS£»L, fe'SkLT. 7te«#£f6£ 

[0011] (S&m) *NWfcU— tf'cOftiWiW^ 
flWMIf (BP*>, 5£Wf* : near field pattern) (4, Jfc 

*#*^f©il»l (far field 
Pattern ) «3£»«^«^(5t"HHffH^^^< =5: 

tit. a^#£aitS^S&flS^WitSiI& 
< t £ (5 k «^>«^- < =5r* . &±<0 

Xoi/Z, mm i ^ffifiict i d . Mtf-Acosat^^ 
ztmmt^i, 

l 0 0 1 2 ] JJW>fWH* »*?)5tCJip nJg-& 



■i 7xw%^zh^m<^mmmmiWhii\^K m 

kf I. PJ»fc$r4 fctiHte'T, ftjS^<7)»rH»«^ft« 
[0013] ||*3S2 : ¥#fta«±t, ^< k t . 

k. ^<O^RKkli!riEa«a5^IBlt:«ESrEPJ0tS«E 
EPIn^Sk zamti Z k £#i!k1-|>®^3t»^#; 

[0014] (mtmmcommmm) mxmn 
mmmmeizftmti* 

urn) mm±mmt mim,mi^3 7b^i^ 
mm 1 - m m&mm t mmmm^m^com^mmz 

r-tmm* i>mx\ 'mmz&AZtii%5Mcom% 

(m&zttiT?mmmm) &9mti. 
[0015] ($31) mnm.fflj*w>m**m# 

*S . , 1«*JH 1 * S P nti&T&ZMZIftfiL-t&e) 
ftiij W J; 9 =Sr 4 . i tlli , ^ a v b * -}g^T1i 
[0016] H«JI3 : i|HW|t»E±t:, ^< k h . 

\mzmmLtzm^^-thmwm^mw^~-fTmz 

y u 5/ -y ? Lit ^ k © k -t a msmmik 
u— mm. 

[0017] ( mt h mtnmwm ) nmm 3 « 
j^ffytmn m\mx'% mm^m^j 0^-^ izm 

L£j k(i. miBffiW^PSO^T SrffiffeJtffl^tftP- 
»\ Sdt<03BSIl~6(=«JEJt , 5iaC7irfJ:'5fc:, 10* 
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[0018] ( fflfl • 8&£ ) TUIERIt t'-A<0»»« & 

iit i •s.WJtP^a^^ey U i" -v ? fc&wt s ; fc 1 «t 

[00 19] 

(Si 9&&TaS $5-12. nSTSmWttf^-y HI 
jWftStlSiXs ihfctfUffl (ffiSfcR^flOK) 

[0020] mz±m y-mbmf*mw®.#>&m 

*m*> s> * & a^m® 9 <o-at*%»is 8 ± t g & 
hmznm i mwbb.0. io " *»-e<o-»jwifei*K8±t 

mmmfcztix^i. *Jt, mmiwmzai/—? 

£ - A SrJIiffi v U 3 SrJBtf-CSS 3 «'®ffil2r)>7lM $ 

[00 2 1 ] Miami OUffilOfcli* leflBa^^LT 

Its E»13b^LTftfl!S<it^4. H>iiaJg20« 
lliiEHBc £rtl/CSJS3:fvO>4 . MG8 1 W«« 
10 fc Sff EP £ S«t 6 1BH13 a t MB b H 
H\ «J±ftl5^^L^12MBdti oma»2<0«S 
ll^^it-tSffiUBc fc£«3fvtn£. R?ia^3c0l 
W d = { 2e r • e„ (V b +V, 
fflU V b = (k b T/q) • 1 n 
±B*(1) . (2)4U e r {iGaAs<OJtSS«*. e 0 

[0027] i<oflwajrcav— »fi»s»&±»iS 



®12(Cii|£lS13e r /MTl^iSie^gf^iX. dWl 

ami6ttEtti3 f izmmz tix wt. 

[0022] 3nB. Hi fctiHT s 0 " !i»j±£P«« 

m^mmmL, e\±%mt$mmzkhwsu 
TxmmmizA^\^v~^\r~^mmmm 
m*t. ttz. w#22 , 23ii, me, e -izmi 

[ o o 2 3 ] ; o uzffif$,cvm%mimw^-*fm 
ffltijfcoii o t-$> s . m&niiLfr h%2 wtffiii , mi 

*«9, _hg|S$7-16, plLtlHS¥gft?7-yF« 

-12, n*i«l, S&3<0«ffil2. «at«160 

aW*. Rt, «BEWH9SI14tJ:"3i»13a, »l«o 
ftffilOSr^- LT » iStoa^il 7 fc OTEatfSJfcfiT , 38 

9 s us 2 <?)mffiiios»t*ffi*a*i 7 fc Maa 

fflZtih* WJlrt-4«EEJ4«EBH-15fcJ: "5«»fc fc 

[ 0 0 2 4 ] 132 ( A ) (±«Aa*J17 fcfrlfitt^O 
p ntt^tWJPSixijB/^ r^«BEjW*S =5rB#fc^S 

«3*ST*&. 02 (B) ii, WUTZifi*. 
%%%fl'bi$tcmzmh, 

Acott^'/h § < ^ § i t § , 

[ o o 2 5 j mmmmmzx & rt-A 

S«i7c7)Jl$*^fc=Srl»^«if$w d ii, EpflnWff 

fc , e«s<os t ^mmmtm v mrw fc ffl^a^i i 

^fc^'T'#l»o 3r*$. WTIi, tt*SI5^tffiW« 
BtSrlRW (-<0^O^»?RSSrPfcf «) fc«ftii 
(;«gi5^^M»lS^Nfc'tl>) *5ftCGaA 
stiijflt^ P«NfcLT, pnf^cT) 

[0026] 

iM )/(qP) ) 1/2 (1) 
(N - P/m 2 ) (2) 

is *ffls*t * fc*±» s 5 -s 6 c7) P m-ym<rym& 

«< (*SWtii5x l 0 18 cr3gjK) s tttWti&K 

mi<nnw^wMm.^z.tih.nuzL, pmm?? 
■y H«5{±^fii v~mwm\^mmm mmmz 

ttlxi0"ci-3gS) (CtSfc. iO±*^5>yHJI 
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ttiiw±A$ixi>i;^A"x<7)isw eff i±. (w. -2w 

1 o o 2 8 ] 5fi(twt*«««aisii0Btw-ifo 

t is ft i. fts**^** mmx-n £ *i . i <r> 

m&tft'-tlzttlxi/et fc&ftffiSrW,, kt£$g 

« = 2 [W 0 ■ {1+ (AzA 
<9 = ( 180A) • ArcTan 

ft. W d i;^7XV kias ( = [ (*a ~4>b ) <Df&*f 
ffi] ) <OlHf*^Jttt*03 (B) fc N W 0 k^H9f« 
tf>i*jr«£-03 (A) fcijrt. ^\ igfKWC, w 0 = 

£113 (C) fit, H3 (C) (ctJWt, HH 

M) WW. =l/zm, (n) (iW. =2/im, % 

» ( A ) iiW„ = 3 // mtfrtfrST* ft . 
[00 30] iiitJ; 0 , ±K«J: d**tttf5TK. fc 

■fZbtlb.W, if 2 p. mCOi^li . V -If 3frD»Stfl 
tffi&if 2 0 degA>^2 9 degfc, W„ st»* 1 ju 

7 6 degK^IEtftifc^Sft. **J. 

ftItt^3S^i*#<&ft. 
[ 0 0 3 1 3 Sr«, JjBIBtOjBIB 1 <0JB®c9&«j£fi 

j£LT&Atfti k#T&ft. ¥3lft«sl«§MpSk 
n M*)tI«£ ffifc t T i i ^ . mWm 9 HU-f t"- 

c0k'*><b*>~-#(cL-tiJ:v\ 
[00 32] (mmmM2 ) U4 ( A ) , ( B ) £# 
BS-tft. &i3, 114 (B) «H4 (A) ^XSPSrS^W 
fcte*UfcHT»4. fit, 01t|S|SSWiRflr^2:ffl 
v >T IftBW-ft . n S¥*fls£« 1 ±tJ4 , TSP S 7 -JB 

2 , nSTSS^tt?? •'/ FJf 3<0^#lf»:«Jf 3*1 
TV^ft. i«0«l*<0, « (ffiKkK#»Offi) frh 
TU 5 5 -1 2 o r^H ^ -cna*i fc« X tfl:x f- 

a^*2i a , nmv¥mtm#>&*mi b a^om-cai 

*>&*irtV>*. 34>fc, nST»^*^7>yK«3 

<^ p sstf>s*i2i a *«tb-r ft 4 X\ wiacott 



ftSta<? (fflJtffia^ z«»tfcitft3iWfcfc^x 

^Xt-AiOgffiaf&tjcD, TIES (3) , (4) 

[0029] 

W 0 2 ) 2 } ] 1/2 (3) 
(ffl/2z) , z^co (4) 

IBp SHItf>&»121 a t ME±a! S 5 -1 6 b <0±fflC 

ft. a«E<o«istttu— ftr-AtaniLftv^ 
3 «t»«t» 3 commmm&ztix ^ & . 
[ 0 0 3 3 ] ^ a uzmmmmmmm^-^ 

tfe^T. «?1-i!ll6*^m 3^1^12, n^T-^tt<^ 
K TSI5 5 5-1 2 . nWT&mfcf ? f H* 3 . vS 

6. *20WSliraB»fcJ:-aT?Sttl4taA3n* 

i 0* 1 cOmglOSr^- tTiflSp SSftiiAJB21 a t ffif 

$ ixft . epsot i» mjEiimfffti 5 1 j; 0 t & ; t # 

^nSTSP^*^ 9 -y FJ13 t^rft i k Srl&WtrHifi 
1 i FWTft ft . n IT^^^fr^ 77FS3 

Jl 5 J: 0 ffiv ^«JK'Ci> R t Wiizt ft i t #-cs 
ftW s OTBWSdaM rxV bias t^LT^SJi^'JS* s 
ftSiJ^^J:0^#<T'#ft. 

[0034] m&mm3 > m 5 s^ww* .fit. 
a 1 fc H**«iRfflrf 2r ffl v ft . mmmm 3 

■C»fc^»» l k ft k £ 5(2 , ffiW^-fSff 
±1S*^ h n MT»^* ^ 5 -y H « 3 <0+IB * fx -y + 

p mm«t'*> o . ft«gp«?stt« ± o Tiiii n mmm t 

ifiroTV^ft. tt^>a^S31a, 31bii, Sv^t 

tt«SPcovSttl4 J: 0 ±MfciJM- ft ffi#>2^S31 a {c(i 
nSJRtfli**. tt»«v-SttU; DTIiKiTftilWi 

^S3i b t ti p m^mm { h - tr fix ^ ft . ah 

t> ^«17i3:iS'ftl4«±TlBliJfcJ£755 , 9. 

{c «t ft i d »*^^saiaKo»spaa*qt & it ft . 

[0035] (3Ot<0««4) EH6*#BW-4. (IL» 

hi kPi^ffiiPi^^ffl^TiBjitft, mmmm4 
x-mmmmibm^ibz^it. ^2^«»i*>v- 
if3fcwajif js<o-»* «Tft i 3 tLtas s 5 -i 6 jl 

{cjfM$itt^ft*T"&fto i*ifcJ:0. WaotMtiB 
±tt5»tftt*-Agw 0 *«/hS<J5ri. Hot. 03 
(A) Kfc(tftfj^*5pliIcO_hT1i;7xfflJfc^»jL, ft 
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^T"#S„ 

[00 36] ( Wftcom® 5 ) H 7 ^fltJ . H+O 

»§4iiiStt*jSf^sii%-)t^— 9* xh o , r#*s i ~ 
3 -ciipk Lfc f- mm<o ^mmummmm, 

ffilttSb'-Afi;, «HEBai^yX42{=j; OftlWSk^cO 
iBrlEHB#U--9 I 41<9±;fr 

*3 fc *0»Rai#ii8*3 ft* *\ * S V ^imJttf-A** 
[00 37] ffiiEflUyX43£ J: 9m3fc$ft&*§^(;t 

* epjd ix f-^mm m*ti t , v-j»-»xn & 
m±ix^ ^m^zit^x v-Aemm&tfm < , 

**otr-A^*r-y bg (W f ) j&frjN3<$r$. ffiot, 
i-fh t"-Ax*°-y HS£ unSTS § u-'fimtfmrc 

>xewt «> 7 u >x , hh\ mmtfmzm 
mi&ztbx'zz. 

[0038] (mmmme ) ms fc#Ht*4 .ml. 
mitnmnm^m^xmw-tz. nmmm 
m i ±tii, s 7-1 2 , n wrm-mik? ? v h 

13, Mtt«4, pS±aHH«*?5vF*5. ±g|55 

mtrnmnm) ^hm%inm.±.tv-mw7y~y his 
co*m t xnmz twtx tttx -v -i-ym^nx 

HglBHa*«lilMWiMt-5> h >y h^-m®51*%M 
SfcftKJi, ft»S$^¥':#fr^M««£ 1X10 

"cr3gamT(=Tff5ifc3&*a*u\ sfet, una 

±« 5 9-1 6 K 3 y * ? H f S SMNtfiSS 2 eomSEll 
[ 0 0 3 9 ] £ 3 LfeliJS«'l-ES1i^Sliil67tV-f 

6.^2 cvmmiwmic «t t«« 4 t&As ns 

£ixS . M(rf§*ffi±«Eltl5(cJ; Direct Si btf 

[0040] 4^nt^B6(i. mmmm i tJt^. 

ffiSM-f-«ft H -If «ttttTOh«g|5#£ 



S2iSi)WSW« ss^«i<«awct k-?< h- 
H^-fg^TIi:, ^«<^BfiU#-XA#\ J;0®a 

[004 1] H±, WtMt«^v^»^tTSfc*«, 

1. ^*a«±C ^*<fcfc. TSS 
-y HS. ft-^IWHWttJ: 0=5rS«tt«, ±» 
5 -y H«, ±§155 5-JBSrJBtWi Hfeflfjt^ 

7-*^^iiluiaT»^*^ y v HI, StfEvSttl, 
raie±»^*^7>y H«, mlS±Sli5 7-lw-g|!S 

i t . i i')fM.tf t w o * < J: d t»« 

Sit SrW^t-tSffi^a^ftH— fit*. 

[0042] ( itjw s wnmmmm ) 
ummumm. mum i siww-* fc . «EEPin 

gai4*«II13a^iiLT^ 1 ^>«Sl0i^U««10 " 

*. ) »20Wll*»fei«13c «tOSt«{S«^$ 
iifc»**trt><0T**. 5r*J, JJE<WB«WiR»Sfai 

xh o . z <7)±i^2 , m 3 cMmzmm ezitixm 

[ 0 0 4 3 3 mJSEPin^M14ii, ^LttSffilO 
S t HtfiBttftgfl k f jfBS^a^l C«E £ EPJut S 

i-u&i'ihmfmmmt&ij&izmsizti-f. mi 
ti. mmm3 (us) ts?t*p<. a«gu*WL 

t #-^MIfflmS ZtiX v , iixk m 
IB«*ji^lO#^r Will & . 5V ^ Cftt S ¥ 

$ ^mx-h -o 1 1, «k v ^ l . * Jt . wttomt-c 
[0044] ( f^jB ) ii»a^Ji t mrifitt^suttsv 
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(depletion layer) ft l> . CWSSJUcOf^fi 

sft&ma&of&f&fcsjisu %&%tix. mmmi 
thmm<vm& (miz^ixywummm) w\ 

miB (m*>. fcmmm : near field pattern) (i, % 

¥8K*U— Wfill (far field 
pattern ) imMmMm^l mffimcDtzisbfcK * 

< ttiit. mmm&< . m%mn < -cs 

Unfits- KJiffift*- F A*$5gt*S *>fe , ffiim* 

J: o fc, tf^JB 1 «f«c J: 0 , KSft'-AflftStfc*: 

[ 0 0 4 6 ] fcfi, ±|fitf>ftUfl> 3S**)JHTttp n«£ 
CEPflntSljE^jf 7 X<r>Wa%ZWtmLtzb\ If A 
4 t 2£«<0W $ $TO»iM^ $ V Mfi, If 

[0047] 2 . filSl • E»<0ffl*3KS^#:U-if 
— if'3tti®o 

[0048] ( Wb-tmmommmm ) 
mm2 . immmmmmmA iz^mtz . 

m-ri. 

[004 9] ififflfffcfcttStf-AgW, tb" 

MIX VV6 . #>7 S^ryiaJI^MMmiflfc^CWflri* 



pKp n«£fclWltrtl>A4 TXt^tl- f-AMtt 

^•f kfj^ & A s < t h z k wv s a . 

[ 0 0 5 0 ] 3 . luta 1 . <«83^^flcU-1f3fc$B 
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